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METHOD FOR CONTROLLING OF VALVE
TIMING OF CONTINUOUS VARIABLE
VALVE DURATION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of

Korean Patent Application No. 10-2015-0175139, filed on
Dec. 9, 2015, the entire contents of which are incorporated

herein by reference.

FIELD

The present disclosure relates to a system and a method
for controlling valve timing of a continuous variable valve
duration engine.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

An internal combustion engine combusts mixed gas in
which fuel and air are mixed at a predetermined ratio
through a set ignition mode to generate power by using
explosion pressure.

Generally, a camshatit 1s driven by a timing belt connected
with a crankshafit that converts linear motion of a cylinder by
the explosion pressure into rotating motion to actuate an
intake valve and an exhaust valve, and while the intake valve
1s opened, air 1s suctioned 1nto a combustion chamber, and
while an exhaust valve 1s opened, gas which 1s combusted in
the combustion chamber 1s exhausted.

To improve the operations of the intake valve and the
exhaust valve and thereby improve engine performance, a
valve lift and a valve opening/closing time (timing) may be
controlled according to a rotational speed or load of an
engine. Therefore, a continuous variable valve duration
(CVVD) device controlling the opening duration of an
intake valve and an exhaust valve of the engine and a
continuous variable valve timing (CVV'T) device controlling
the opening and closing timing of the intake valve and the
exhaust valve of the engine have been developed.

The CVVD device may control opening duration of the
valve. In addition, the CVV'T device may advance or retard
the opening or closing timing of the valve 1n a state that the
opening duration of the valve 1s fixed. That 1s, 1f the opening
timing of the valve 1s determined, the closing timing 1s
automatically determined according to the opening duration
of the valve.

The above miformation disclosed i1n this Background
section 1s only for enhancement of understanding of the
background of the present disclosure and therefore 1t may
contain information that does not form the prior art that 1s
already known to a person of ordinary skill in the art.

SUMMARY

The present disclosure provides a system and a method
for controlling valve timing of a continuous variable valve
duration engine that simultaneously controls duration and
timing of the valve being equipped with a continuous
variable duration device and a continuous variable valve
timing device disposed on intake valve side and exhaust
valve side by independently controlling an opening and
closing timing of an intake valve and an exhaust valve.
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A method for controlling valve timing of engine provided
with both a continuous variable duration (CVVD) device
and a continuous variable valve timing (CVVT) device at
intake valve and exhaust valve sides respectively according
to one form of the present disclosure may include: classi-
tying by a controller a plurality of control regions depending
on an engine speed and an engine load, and wherein the a
plurality of control regions may include a first control region
when the engine load 1s less than a first predetermined load,
a second control region when the engine load 1s greater than
or equal to the first predetermined load and less than a
second predetermined load, a third control region when the
engine load 1s greater than or equal to the second predeter-
mined load and less than a third predetermined load, a fourth
control region when the engine load 1s greater than or equal
to the second predetermined load and the engine speed 1s
less than a predetermined speed, and a fifth control region
when the engine load 1s greater than or equal to the third
predetermined load and the engine speed 1s greater than or
equal to the predetermined speed; applying a maximum
duration to the itake valve and exhaust valve 1n the second
control region; controlling a manifold absolute pressure
(MAP) of an intake manifold to be maintained constantly 1n
the third control region; controlling a wide open throttle
valve (WOT) and creating a valve overlap by reducing
interference of exhaust in the fourth control region; and
controlling a wide open throttle valve (WOT) and control-
ling an intake valve closing timing in accordance with the
engine speed.

I1 the control region 1s 1n the first control region, then the
controller may control an intake valve opening (IVO) tim-
ing, the itake valve closing (IVC) timing, and an exhaust
valve opening (EVO) to be fixed and controls an exhaust
valve closing (EVC) timing to be set up at a maximum value
within sustainable combust stability.

I1 the control region 1s 1n the second control region, then
the controller may control an exhaust valve closing (EVC)
timing to be late as the engine load 1s increased in order that
the exhaust valve reaches the maximum duration.

If the control region 1s 1n the third control region, then the
controller may advance both an exhaust valve closing (EVC)
timing and the intake valve closing (IVC) timing 1n order to
maintain the MAP consistently when the engine load 1s
increased.

If the control region 1s 1n the fourth region, then the
controller may control an exhaust valve closing (EVC)
timing to after a top dead center and control an intake valve
opening (IVO) timing to belfore the top dead center to
generate valve overlap.

If the control region i1s 1n the fourth region, then the
controller may control an exhaust valve opening (EVO)
timing close to a bottom dead center so as to reduce exhaust
interference.

If the control region 1s in the fifth region, then the
controller may retard an intake valve opeming (IVO) timing
and the intake valve closing (IVC) timing so as to increase
an intake duration.

If the control region 1s in the fifth region, then the
controller may control an exhaust valve opening (EVO)
timing to before a bottom dead center to imnhibit or prevent
from generating the valve overlap and control an exhaust
valve closing (EVC) timing close to a top dead center.

A system for controlling valve timing of a continuous
variable valve duration engine according to another form of
the present disclosure may include: a data detector detecting,
data related to a running state of the vehicle; a camshatt
position sensor detecting a position of a camshatt; an intake
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continuous variable valve duration (CVVD) device control-
ling an opening time of an intake valve of the engine; an
exhaust continuous variable valve duration (CVVD) device
controlling an opening time of an exhaust valve of the
engine; an intake continuous variable valve timing (CVVT)
device controlling an opening and closing timing of the
intake valve of the engine; an exhaust continuous variable
valve timing (CVVT) device controlling an opening and
closing timing of the exhaust valve of the engine; and a
controller configured to classily a plurality of control
regions depending on an engine speed and an engine load
based on signals from the data detector and camshaift posi-
tion sensor and configured to control the mtake CVVD
device, the exhaust CVVD device, the intake CVV'T, and the
exhaust CVVT device according to the control region,
wherein the the plurality of control regions may include: a
first control region when the engine load 1s less than a {first
predetermined load; a second control region when the
engine load 1s greater than or equal to the first predetermined
load and less than a second predetermined load; a third
control region when the engine load 1s greater than or equal
to the second predetermined load and less than a third
predetermined load; a fourth control region when the engine
load 1s greater than or equal to the second predetermined
load and the engine speed 1s less than a predetermined speed;
and a fifth control region when the engine load 1s greater
than or equal to the third predetermined load and the engine
speed 1s greater than or equal to the predetermined speed,
wherein the controller applies a maximum duration to the
intake valve, controls a valve overlap by using the exhaust
valve 1n the first control region, applies the maximum
duration to the intake and exhaust valves in the second
control region, controls a manifold absolute pressure (MAP)
in an intake manifold to be maintained consistently in the
third control region, controls a wide open throttle valve
(WOT) and creates the valve overlap by reducing an exhaust
interference 1n the fourth control region, and controls the
wide open throttle valve (WO'T) and controls an intake valve
closing (IVC) timing 1n accordance with the engine speed 1n
the fifth control region.

The controller may control an intake valve opening (IVO)
timing, the intake valve closing (IVC) timing, and an
exhaust valve opening (EVO) to be fixed and an exhaust
valve closing (EVC) timing to be set up at a maximum value
within sustainable combust stability in the first control
region.

The controller may control an exhaust valve closing
(EVC) timing to be late as the engine load i1s increased 1n
order that the exhaust valve reaches the maximum duration
in the second control region.

The controller may advance both an exhaust valve closing
(EVC) timing and the intake valve closing (IVC) timing 1n
order to maintain the MAP consistently when the engine
load 1s increased 1n the third control region.

The controller may control an exhaust valve closing
(EVC) timing to after a top dead center and controls an
intake valve opening (IVO) timing to before the top dead
center to generate valve overlap 1n the fourth control region.

The controller may control an exhaust valve openming
(EVO) timing close to a bottom dead center so as to reduce
exhaust interference in the fourth control region.

The controller may retard both an intake valve opeming
(IVO) timing and the intake valve closing (IVC) timing so
as to crease an intake duration in the fifth control region.

The controller may control an exhaust valve opeming
(EVO) timing to before a bottom dead center to 1nhibit or
prevent from generating the valve overlap and control an
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4

exhaust valve closing (EVC) timing close to a top dead
center 1n the fifth control region.

As described above, according to one form of the present
disclosure, duration and timing of the continuous variable
valve are simultaneously controlled, so the engine may be
controlled under desirable conditions.

That 1s, since opening timing and closing timing of the
intake valve and the exhaust valve are appropriately con-
trolled, thereby improving fuel efliciency under a partial
load condition and engine performance under a high load
condition.

In addition, a starting fuel amount may be reduced by
increasing a valid compression ratio, and exhaust gas may be
reduced by shortening time for heating a catalyst.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereot, given by way
of example, references being made to the accompanying
drawings, 1n which:

FIG. 1 15 a schematic block diagram showing a system for
controlling valve timing of a conftinuous variable valve
duration engine;

FIG. 2 1s a perspective view showing a continuous vari-
able valve duration device and a continuous variable valve
timing device which 1s disposed on 1ntake valve and exhaust
valve sides:

FIG. 3A and FIG. 3B are flowcharts showing a method for
controlling valve timing of a continuous variable valve
duration engine;

FIGS. 4A-4C are graphs showing duration, opening tim-
ing, and closing timing of an intake valve depending on an
engine load and an engine speed; and

FIGS. 5A-5C are graphs showing duration, opening tim-
ing, and closing timing of an exhaust valve depending on an
engine load and an engine speed.

The drawings described herein are for illustration pur-
poses only and are not mtended to limit the scope of the
present disclosure 1n any way.

DETAILED DESCRIPTION

The following description 1s merely exemplary 1n nature
and 1s not mtended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

As those skilled in the art would realize, the described
forms may be modified 1n various different ways, all without
departing from the spirit or scope of the present disclosure.

Throughout this specification and the claims which fol-
low, unless explicitly described to the contrary, the word
“comprise’” and variations such as “comprises” or “‘compris-
ing” will be understood to imply the inclusion of stated
clements but not the exclusion of any other elements.

It 1s understood that the term ““vehicle” or “vehicular” or
other similar terms as used herein i1s inclusive of motor
vehicles i general including hybrid vehicles, plug-in hybnd
clectric vehicles, and other alternative fuel vehicles (e.g.,
fuels derived from resources other than petroleum). As
referred to herein, a hybrid electric vehicle 1s a vehicle that
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has two or more sources of power, for example a gasoline-
powered and electric-powered vehicle.

Additionally, 1t 1s understood that some of the methods
may be executed by at least one controller. The term
controller refers to a hardware device that includes a
memory and a processor configured to execute one or more
steps that should be interpreted as 1ts algorithmic structure.
The memory 1s configured to store algorithmic steps, and the
processor 1s specifically configured to execute said algorith-
mic steps to perform one or more processes which are
described further below.

Furthermore, the control logic of the present disclosure
may be embodied as non-transitory computer readable
media on a computer readable medium containing execut-
able program instructions executed by a processor, a con-
troller, or the like. Examples of computer readable media
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMSs, magnetic tapes, floppy disks, flash drives,
smart cards, and optical data storage devices. The computer
readable recording medium can also be distributed 1n net-
work coupled computer systems so that the computer read-
able media 1s stored and executed 1n a distributed fashion,
¢.g., by a telematics server or a controller area network
(CAN).

FI1G. 1 1s a schematic block diagram showing a system for
controlling valve timing of a conftinuous variable valve
duration engine according to one form of the present dis-
closure.

As shown 1n FIG. 1, a system for controlling valve timing
of a continuous variable valve duration engine includes: a
data detector 10, a camshatt position sensor 20, a controller
30, an mtake continuous variable valve duration (CVVD)
device 40, an intake continuous variable valve timing
(CVVT) device 45, an exhaust continuous variable valve
duration (CVVD) device 50, and an exhaust continuous
variable valve timing (CVVT) device 55.

The data detector 10 detects data related to a running state
of the vehicle for controlling the CVVD devices and the
CVV'T devices, and includes a vehicle speed sensor 11, an
engine speed sensor 12, an o1l temperature sensor 13, an air

flow sensor 14, and an accelerator pedal position sensor 15,
although other sensors may be employed.

The vehicle speed sensor 11 detects a vehicle speed,
transmits a corresponding signal to the controller 30, and
may be mounted at a wheel of the vehicle.

The engine speed sensor 12 detects a rotation speed of the
engine from a change in phase of a crankshait or camshatft,
and transmits a corresponding signal to the controller 30.

The o1l temperature sensor (OTS) 13 detects temperature
of o1l flowing through an o1l control valve (OCV), and
transmits a corresponding signal to the controller 30.

The o1l temperature detected by the o1l temperature sensor
13 may be determined by measuring a coolant temperature
using a coolant temperature sensor mounted at a coolant
passage ol an intake manifold. Therefore, 1n one form, the
o1l temperature sensor 13 may include a coolant temperature
sensor, and the oil temperature should be understood to
include the coolant temperature.

The air flow sensor 14 detects an air amount drawn 1nto
the intake manifold, and transmits a corresponding signal to
the controller 30.

The accelerator pedal position sensor (APS) 15 detects a
degree 1 which a driver pushes an accelerator pedal, and
transmits a corresponding signal to the controller 30. The
position value of the accelerator pedal may be 100% when
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6

the accelerator pedal 1s pressed fully, and the position value
of the accelerator pedal may be 0% when the accelerator
pedal 1s not pressed at all.

A throttle valve position sensor (TPS) that 1s mounted on
an intake passage may be used instead of the accelerator
pedal position sensor 15. Therefore, 1n one form, the accel-
erator pedal position sensor 15 may include a throttle valve
position sensor, and the position value of the accelerator
pedal should be understood to include an opening value of
the throttle valve.

The camshatt position sensor 20 detects a change of a
camshalt angle, and transmits a corresponding signal to the
controller 30.

FIG. 2 1s a perspective view showing a continuous vari-
able valve duration device and a continuous variable valve
timing device which 1s disposed on 1ntake valve and exhaust
valve sides according to one form of the present disclosure.

As shown 1n FIG. 2, the continuous variable valve dura-
tion device 40, 50 and the continuous variable valve timing
device 45, 55 are mounted at the intake and exhaust valve
sides.

The intake continuous variable valve duration (CVVD)
device 40 controls an opening duration of an intake valve of
the engine according to a signal from the controller 30, the
exhaust continuous variable valve duration (CVVD) device
50 controls an opening duration of an exhaust valve of the
engine according to a signal from the controller 30.

The intake continuous variable valve timing (CVV'T)
device 45 controls opening and closing timing of the intake
valve of the engine according to a signal from the controller
30, and the exhaust continuous variable valve timing
(CVVT) device 55 controls opening and closing timing of
the exhaust valve of the engine according to a signal from
the controller 30.

The controller 30 may classily a plurality of control
regions depending on an engine speed and an engine load
based on signals from the data detector 10 and camshaft
position sensor 20, and controls the mtake CVVD and
CVVT devices 40 and 45, and the exhaust CVVD and
CVVT devices 50 and 35 according to the control regions.
Herein, the plurality of control regions may be classified into
five regions.

The controller 30 applies a maximum duration to the
intake valve and limits a valve overlap by using the exhaust
valve 1n a first control region, applies the maximum duration
to the intake and exhaust valves 1n a second control region,
controls a mamifold absolute pressure (MAP) 1n an intake
manifold to be maintained consistently 1mn a third control
region, controls a wide open throttle valve (WOT) and
creates the valve overlap by reducing an exhaust interfer-
ence 1n a fourth control region, and controls a wide open
throttle valve (WOT) and controls an intake valve closing
(IVC) timing 1n accordance with the engine speed 1n a fifth
control region.

For these purposes, the controller 30 may be implemented
as at least one processor that 1s operated by a predetermined
program, and the predetermined program may be pro-
grammed 1n order to perform each step of a method for
controlling valve timing of a continuous variable valve
duration engine according to one form of the present dis-
closure.

Various lforms described herein may be implemented
within a recording medium that may be read by a computer
or a similar device by using software, hardware, or a
combination thereol, for example.

The hardware of the forms described herein may be
implemented by using at least one of application specific
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integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, and electrical units designed to perform
any other functions.

The software such as procedures and functions of the
forms described in the present disclosure may be imple-
mented by separate software modules. Each of the software
modules may perform one or more functions and operations
described in the present disclosure. A software code may be
implemented by a soitware application written 1n an appro-
priate program language.

Hereinafter, a method for controlling valve timing of a
continuous variable valve duration engine according to one

form of the present disclosure will be described in detail
with reference to FIG. 3A to FIG. SC.

FIG. 3A and FIG. 3B are flowcharts showing a method for

controlling valve timing of a continuous variable valve
duration engine.

FIGS. 4A-4C are graphs showing duration, opening tim-
ing, and closing timing of an intake valve depending on an
engine load and an engine speed, and FIGS. SA-5C are
graphs showing duration, opening timing, and closing tim-
ing of an exhaust valve depending on an engine load and an
engine speed.

As shown 1n FIG. 3A and FIG. 3B, a method for control-
ling valve timing of a continuous variable valve duration
engine according to the present disclosure starts with clas-
sitying a plurality of control regions depending on an engine
speed and an engine load by the controller 30 at step S100.

The control regions will be described with reference to
FIGS. 4A-4C and FIGS. 5A-5C. The first to sixth control
regions are indicated 1n the FIGS. 4A-4C and FIGS. 5A-5C.

The controller 30 may classity control regions as a first
control region when the engine load 1s less than a first
predetermined load, a second control region when the
engine load 1s greater than or equal to the first predetermined
load and less than a second predetermined load, and a third
control region when the engine load 1s greater than or equal
to the second predetermined load and less than a third
predetermined load. In addition, the controller 30 may
classity control regions as a fourth region when the engine
load 1s greater than or equal to the second predetermined
load and the engine speed 1s less than a predetermined speed,
a fifth region when the engine load 1s greater than or equal
to the third predetermined load and the engine speed 1s
greater than or equal to the predetermined speed.

Meanwhile, referring the FIGS. 4A to FIGS. 5C, a crank
angle 1s marked 1n an intake valve duration (IVD) map and
an exhaust valve duration (EVD) map, which indicating the
opening time of the intake valve and exhaust valve. For
example, regarding the IVD map 1n the FIG. 4A, a curved
line written as a number 200 at inner side of the fifth region
means that the crank angle 1s approximately 200 degrees, a
curved lined marked as a number 220 at outer side of the
number 200 means that the crank angle 1s approximately 220
degrees. Although not shown in the drawing, the crank angle
which 1s more than approximately 200 less than about 220
1s positioned between the curved line of the number 200 and
the curved line of the number 220.

In addition, a unit of number designated 1n an 1intake valve
opening (IVO) timing map 1s before a top dead center
(TDC), a unit of number designated in an intake valve close
(IVC) timing map 1s after a bottom dead center (BDC), a unit
of number designated 1n an exhaust valve opening (EVO)
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timing map 1s before BDC, and a unit of number designated
in an exhaust valve closing (EVC) map 1s after TDC.
Each region and curved line 1n the FIGS. 4A to FIG. 5C
are one form of the present disclosure, 1t may be modified
within the technical 1dea and scope of the present disclosure.
Referring to the FIGS. 3A to 5C, the control regions are
classified according to the engine speed and load 1n the step
o1 S100. After that, the controller 30 determines whether the
engine state 1s under the first control region at step S110.
In the step of S110, 11 the engine load 1s less than a first
predetermined load, the controller 30 determines that the
engine state 1s under the first control region. At this time, the
controller 30 applies a maximum duration to the intake valve
and controls the valve overlap between the exhaust valve
and intake valve at step S120. The valve overlap 1s a state 1n
which the intake valve 1s opened and the exhaust valve 1s not
closed yet.
In other words, when the engine 1s under low load, then
the controller 30 may control both the intake valve opening

(IVO) timing and the intake valve close (IVC) timing being
fixed such that the intake valve has a maximum duration
value.

As shown 1n FIGS. 4A-4C, the first control region may be
approximately O to 10 degrees before TDC in the IVO
timing map and approximately 100 to 110 degrees after
BDC 1n the IVC timing map.

Also, the controller 30 may control the EVO timing to be
fixed and set up the EVC timing. Meanwhile, as the valve
overlap 1s increased, the fuel consumption 1s cut, whereas
the combust stability 1s deteriorated. Accordingly, properly
setting the valve overlap 1s desired. However, in another
form of the present disclosure, it 1s possible to get highly
improved fuel-efliciency by setting a desirable valve overlap
up, which fixing the EVO timing and controlling the EVC
timing to be set up at a maximum value within sustainable
combust stability. The timing value may be determined by
predetermined map.

For example, as shown 1n FIGS. SA-5C, the EVO timing
may be fixed at approximately 40 to 50 degrees betore BDC,
the EVC timing may be established by moving the degrees
thereof 1n an after TDC direction. The EVC timing may be
a maximum value such that the combust stability 1s sustain-
able.

When the current engine state does not belong to the first
control region at the step S110, the controller 30 determines
whether the current engine state belongs to the second
control region at step S130.

In the step of S130, 11 the engine load 1s more than or
equal to the first predetermined load and less than the second
predetermined load, the controller 30 determines that the
engine state 1s under the second control region. At this time,
the controller 30 controls both the intake valve and exhaust
valve respectively having a maximum duration consistently
at step 5140.

The controller 30 may control the EVC timing to be late
as the engine load 1s increased 1n order that the exhaust valve
reaches the maximum duration.

Herein, the controller 30 fixes the IVO timing and IVC
timing for applying the maximum duration to the intake
valve 1n the first control region, thereby controller 30 may
apply the maximum duration to the exhaust valve such that
the diflerence between the atmospheric pressure and the
pressure of the intake manifold 1s maintained at a predeter-
mined value. For example, a manifold absolute pressure
(MAP), which 1s the difference between atmospheric pres-
sure and pressure of intake manmifold, may be approximately

950 hPa.
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When the current engine state does not belong to the
second control region at the step S130, the controller 30
determines whether the current engine state belongs to the
third control region at step S150.

In the step of S150, if the engine load 1s more than or
equal to the second predetermined load and less than the
third predetermined load, the controller 30 determines that
the engine state 1s under the third control region. At this
time, the controller 30 controls the MAP to be maintained
consistently at step S160.

In other words, the controller 30 applies the maximum
duration to the intake valve and the exhaust valve and
controls the MAP to be maintained consistently in the
second control region. And after, when the engine state 1s
under the third control region as the engine load 1s increased,
the controller 30 may advance both the EVC timing and IVC
timing and controls the MAP to be maintained consistently.

Referring to the FIGS. 4A to 5C, the IVC timing and the
EVC timing are advanced in the third region so as to
maintain the MAP. In this case, if the EVC timing 1s
advanced 1n a state that the IVO timing is fixed, then the
valve overlap may be shorten, thereby the knocking may be
decreased.

When the current engine state does not belong to the third
control region at the step S150, the controller 30 determines
whether the current engine state belongs to the fourth control
region at step S170.

If the engine load 1s greater than or equal to the second
predetermined load and the engine speed 1s less than pre-
determined speed in the S170, the controller 30 determines
that the engine state 1s under the fourth control region. At
this time, the controller 30 fully opens a throttle valve and
controls to create valve overlap by reducing interference of
exhaust at step S180.

In the fourth control region, the engine speed 1s less than
the predetermined speed (e.g., approximately 1500 rpm) and
back pressure 1s not high. Accordingly, it 1s desired to
generate scavenging pressing combustion gas out by low-
ering pressure of exhaust port through reducing exhaust
interference.

Therelore, the controller 30 controls IVO timing and EVC
timing to create the valve overlap so as to generate the
scavenging in the section of the valve overlap. In other
words, as shown 1n FIGS. 4A-4C, the controller 30 may
control the IVO timing to before a top dead center, and may
control EVC timing to after top dead center as shown 1n
FIGS. 5A-5C.

Further, the controller 30 may control the EVO timing to
reduce exhaust interference. In other words, as shown 1n
FIGS. SA-5C, as the EVC timing may be controlled to after
a top dead center, the EVO timing may approach to the
bottom dead center. Accordingly, short exhaust duration may
be used 1n the fourth control region.

When the current engine state does not belong to the
fourth control region at the step S170, the controller 30
determines whether the current engine state belongs to the
fifth control region at step S190.

In the S190, 11 the engine load 1s greater than or equal to
the third predetermined load and the engine speed 1s greater
than or equal to the predetermined speed, then the controller
30 determines that the engine state 1s under the fifth control
region. At this time, the controller 30 fully opens a throttle
valve and controls the IVC timing 1n accordance with the
engine speed at step S200.

In other words, the controller 30 may retard the IVO
timing and the IVC timing as the engine speed 1s increased
such that the intake duration 1s prolonged. For example,
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since the IVC timing 1s most poweriul element when the
engine speed 1s greater than or equal to the predetermined
speed (e.g., approximately 1500 rpm) 1n the fifth control
region, the controller 30 may control the IVC timing as an
optimal value based on the engine speed 1n one form of the
present disclosure. Referring to the FIGS. 4A-4C, the IVC
timing may be gradually retarded from at an angle of
approximately 20 degrees when the engine speed 1s less then
predetermined speed (low speed) to at angle of approxi-
mately 60 degrees as the engine speed 1s increased.

At the same time, 1 the medium speed (e.g., approxi-
mately 1500-3000 rpm), the controller 30 may create valve
underlap by retarding the IVO timing. Thereby, the intake
duration may be decreased 1n a certain period, and after may
be increased as the engine speed 1s increased.

In addition, the controller 30 may control the EVO timing,
to before the bottom dead center to 1nhibit or prevent from
generating valve overlap and may control the EVC timing
close to the top dead center.

As back pressure 1s increased, the scavenging generated 1n
the fourth control region may be disappeared, thereby, 1t 1s
not necessary to generate valve overlap. Accordingly, as
shown 1n FIGS. 5A-5C, the EVO timing may be an angle 1n
a range of approximately 30-40 degrees before the bottom
dead center favorable to pumping exhaust and the EVC
timing may be close to the top dead center.

As described above, according to an exemplary form of
the present disclosure, duration and timing of the continuous
variable valve are simultaneously controlled, so the engine
may be controlled under desirable conditions.

That 1s, since opening timing and closing timing of the
intake valve and the exhaust valve are appropriately con-
trolled, thereby improving fuel efliciency under a partial
load condition and engine performance under a high load
condition. In addition, a starting fuel amount may be
reduced by increasing a valid compression ratio, and exhaust
gas may be reduced by shortening time for heating a
catalyst.

While this present disclosure has been described 1n con-
nection with what 1s presently considered to be practical
forms, 1t 1s to be understood that the present disclosure 1s not
limited to the disclosed forms. On the contrary, 1t 1s intended
to cover various modifications and equivalent arrangements
included within the spirit and scope of the present disclo-
sure.

What 1s claimed 1s:

1. A method for controlling valve timing provided with
both a continuous variable duration(CVVD) device and a
continuous variable valve timing (CVVT) device at an
intake valve side and an exhaust valve side respectively, the
method comprising:

classitying, by a controller, a plurality of control regions

depending on an engine speed and an engine load,

wherein the plurality of control regions comprises:

a first control region determined by the controller when
the engine load 1s less than a first predetermined
load,

a second control region determined by the controller
when the engine load 1s greater than or equal to the
first predetermined load and less than a second
predetermined load,

a third control region determined by the controller
when the engine load 1s greater than or equal to the
second predetermined load and less than a third
predetermined load,

a fourth control region determined by the controller
when the engine load 1s greater than or equal to the
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second predetermined load and the engine speed is
less than a predetermined speed, and

a fifth control region determined by the controller when
the engine load 1s greater than or equal to the third
predetermined load and the engine speed 1s greater
than or equal to the predetermined speed;

applying, by the controller, a maximum duration to an

intake valve and controlling a valve overlap by using an
exhaust valve 1n the first control region,

applying, by the controller, the maximum duration to the

intake valve and exhaust valve in the second control
region;

controlling, by the controller, a manifold absolute pres-

sure (MAP) of an intake manifold to be maintained
consistent 1n the third control region;

controlling, by the controller, a wide open throttle valve

(WOT) and creating a valve overlap by reducing inter-
ference of exhaust 1n the fourth control region; and
controlling, by the controller, the wide open throttle valve

(WOT) and controlling an intake valve closing timing,
(IVC) based on the engine speed.

2. The method of claim 1, wherein when the first control
region 1s determined, the controller controls an intake valve
opening (IVO) timing, the intake valve closing (IVC) tim-
ing, and an exhaust valve opening (EVO) to be fixed, and
controls an exhaust valve closing (EVC) timing to be set up
at a maximum value within sustainable combust stability so
as to limit a valve overlap.

3. The method of claim 1, wherein when the second
control region 1s determined, the controller controls an
exhaust valve closing (EVC) timing to be late as the engine
load 1s increased so that the exhaust valve reaches the
maximum duration.

4. The method of claim 1, wherein when the third control
region 1s determined, the controller advances both an
exhaust valve closing (EVC) timing and the intake valve
closing (IVC) timing so as to maintain the MAP consistent
when the engine load 1s 1ncreased.

5. The method of claim 1, wherein when the fourth region
1s determined, the controller controls an exhaust valve
closing (EVC) timing to after a top dead center and controls
an intake valve opening (IVO) timing to before the top dead
center to generate a valve overlap.

6. The method of claim 1, wherein when the fourth region
1s determined, the controller controls an exhaust valve
opening (EVO) timing close to a bottom dead center so as
to reduce exhaust interference.

7. The method of claim 1, wherein when the fifth region
1s determined, the controller retards an intake valve opening
(IVO) timing and the intake valve closing (IVC) timing so
as to increase an intake duration.

8. The method of claim 1, wherein when the fifth region
1s determined, the controller controls an exhaust valve
opening (EVO) timing to before a bottom dead center to
inhibit from generating the valve overlap and controls an
exhaust valve closing (EVC) timing close to a top dead
center.

9. A system for controlling valve timing of a continuous
variable valve duration engine, the system comprising:

a data detector configured to detect data related to a

running state ol a vehicle;

a camshait position sensor configured to detect a position
of a camshaft;

an intake continuous variable valve duration (CVVD)
device configured to control an opening time of an
intake valve of the engine;

10

15

20

25

30

35

40

45

50

55

60

65

12

an exhaust continuous variable valve duration (CVVD)
device configured to control an opening time of an
exhaust valve of the engine;

an 1take confinuous variable valve timing (CVV'T)
device configured to control an opening timing and a
closing timing of the intake valve of the engine;

an exhaust continuous variable valve timing (CVVT)
device controlling an opening and closing timing of the
exhaust valve of the engine; and

a controller configured to classity a plurality of control
regions depending on an engine speed and an engine
load based on signals from the data detector and

camshait position sensor, and configured to control the
intake CVVD device, the exhaust CVVD device, the

intake CVV, and the exhaust CVV'T device according

to the plurality of control regions,

wherein the plurality of control regions comprises:

a first control region determined by the controller when
the engine load 1s less than a first predetermined
load;

a second control region determined by the controller
when the engine load 1s greater than or equal to the
first predetermined load and less than a second
predetermined load;

a third control region determined by the controller
when the engine load 1s greater than or equal to the
second predetermined load and less than a third
predetermined load;

a fourth control region determined by the controller
when the engine load 1s greater than or equal to the
second predetermined load and the engine speed 1s
less than a predetermined speed; and

a {ifth control region determined by the controller when
the engine load 1s greater than or equal to the third
predetermined load and the engine speed 1s greater
than or equal to the predetermined speed, and

wherein the controller applies a maximum duration to the

intake valve and controls a valve overlap by using the
exhaust valve 1n the first control region, and the con-
troller applies the maximum duration to the intake and
exhaust valves 1n the second control region, controls a
manifold absolute pressure (MAP) 1n an intake mani-
fold to be maintained consistent in the third control
region, controls a wide open throttle valve (WO'T) and
creates the valve overlap by reducing an exhaust inter-
ference 1n the fourth control region, and controls the
wide open throttle valve (WOT) and controls an intake
valve closing (IVC) timing based on the engine speed
in the fifth control region.

10. The system of claim 9, wherein the controller controls
an intake valve opening (IVO) timing, the intake valve
closing (IVC) timing, and an exhaust valve opening (EVO)
to be fixed, and the controller controls an exhaust valve
closing (EVC) timing to be set up at a maximum value
within sustainable combust stability in the first control
region.

11. The system of claim 9, wherein the controller controls
an exhaust valve closing (EVC) timing to be late as the
engine load 1s increased such that the exhaust valve reaches
the maximum duration in the second control region.

12. The system of claim 9, wherein the controller
advances both an exhaust valve closing (EVC) timing and
the intake valve closing (IVC) timing so as to maintain the
MAP consistent when the engine load 1s increased 1n the
third control region.

13. The system of claim 9, wherein the controller controls
an exhaust valve closing (EVC) timing to after a top dead
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center and controls an 1ntake valve opening (IVO) timing to
before the top dead center to generate a valve overlap 1n the
fourth control region.

14. The system of claim 9, wherein the controller controls
an exhaust valve opening (EVO) timing close to a bottom
dead center so as to reduce exhaust interference 1n the fourth
control region.

15. The system of claim 9, wherein the controller retards
both an intake valve opening (IVO) timing and the intake
valve closing (IVC) timing so as to increase an intake
duration 1n the fifth control region.

16. The system of claim 9, wherein the controller controls
an exhaust valve opening (EVO) timing to before a bottom
dead center to inhibit from generating the valve overlap and
controls an exhaust valve closing (EVC) timing close to a
top dead center 1n the fifth control region.
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